ABSTRACT. Seawater samples were collected in the water column of the Canada Basin and the Bering Sea from aboard the R/V Xue Long during August 1999. Activity concentrations of dissolved and particulate 234 Th were measured using beta counting techniques to quantify the scavenging and residence time of 234 Th and organic carbon export fluxes. Primary production (PP) and bacterial production were also determined in the study areas through in situ incubation experiments. Significant 234 Th scavenging was observed in the upper 100 m of the water column in both study areas, with up to 40% of 234 Th deficit found at Bering Sea stations and ~15% of 234 Th deficit at the Canada Basin station. Measured PP decreased from ~12.5 µmol C/m 3 /h in surface water to near zero at ~100 m depth, with an integrated PP of 3.83 mmol C/m 2 /d in the Canada Basin. Bacterial production, on the other hand, was on the order of 2.0 mmol C/m 2 /d, which is up to 52% of the integrated PP. Particulate organic carbon (POC) export fluxes derived from 234 Th/ 238 U disequilibrium were ~1 mmol C/m 2 /d in the Canada Basin and ~10 mmol C/m 2 /d in the Bering Sea, with fluxes in the latter area being 5 to 10 times higher than those found in the Canada Basin. These export fluxes correspond to a ThE ratio (the ratio of 234 Th-derived POC export to primary production) of 0.26 for the Canada Basin and 0.7 for the Bering Sea. The higher ThE ratios in the study areas suggest a decoupling of production and particulate export in the high-latitude ocean. Ratios of POC to particulate 234 Th (µmol C/dpm) decreased consistently with increasing depth, suggesting that organic carbon is preferentially remineralized relative to 234 Th. Interestingly, the profile of particulate 234 Th in the Canada Basin showed a unique characteristic: particulate 234 Th activities increased with increasing depth, suggesting a continuous scavenging of 234 Th and a rapid settling rate of the particles.
INTRODUCTION
Recent dramatic environmental changes seen in the Arctic Ocean and the surrounding areas may have profound impacts on the ecosystem and carbon fluxes (Manabe and Stouffer, 1993; Cuffey et al., 1995) . One interesting aspect relates to the Arctic Ocean's important role as a region for CO 2 sequestration through biological processes of carbon uptake, which can counteract greenhouse gas accumulation in the atmosphere. The question of the role of the Arctic Ocean in CO 2 sequestration has often been approached with studies on new production or export production (Jenkins and Wallace, 1992; Buesseler, 1998) , considered as the fraction of primary production that can be exported from the euphotic zone to the deep ocean. Estimates of polar biological production are now being revised; the polar area is suspected to be either more productive (Smith et al., 1991; Wheeler et al., 1996) or less productive than previously thought . The Arctic Ocean, in particular, has been considered among the most oligotrophic regions of the ocean because of its persistent ice cover and long, cold winter (polar night). However, recent estimates revealed that, at least in some sampling seasons, the Arctic Ocean and its adjacent seas could have relatively high production rates or high particulate organic carbon (POC) export fluxes (Longhurst et al., 1995; Moran et al., 1997) . Nevertheless, the quantitative importance of biological production and organic carbon export fluxes in the Arctic Ocean and its surrounding regions is still poorly understood. 234 Th, a particle-reactive radionuclide, is produced continuously in seawater from its highly soluble parent nuclide, 238 U. Given its unique chemistry and appropriate half-life, 234 Th has become a valuable tracer for studying particle dynamics in the upper ocean over time scales of days to months (Buesseler et al., 1992; . It has been used extensively to estimate the POC flux in many interdisciplinary research programs. Examples are the Equatorial Pacific Process Study (EqPac) (Buesseler et al., 1995; Murray et al., 1996; Bacon et al., 1996) ; the North Atlantic Bloom Experiment (NABE) (Buesseler et al., 1992; Cochran et al., 1995) ; the Arabian Sea Process Study (ASPS) ; and the Antarctic Environment and Southern Ocean Process Study (AES-OPS) . Despite the wide application of 234 Th, studies using 234 Th/ 238 U disequilibrium techniques on organic carbon export fluxes and biological production in the Arctic Ocean and surrounding regions are still very limited, largely because of sampling constraints imposed by extreme weather conditions. Bacon et al. (1989) first determined particulate 234 Th activities at a station located near the Alpha Ridge and suggested that the scavenging of reactive species could be significantly lower in the Arctic Ocean than in other oceans. Cochran et al. (1995) reported water-column deficits of 234 Th relative to 238 U within a seasonally ice-free area over the northeast Greenland continental shelf and used these results to quantify rates of scavenging and POC export. Moran et al. (1996 Moran et al. ( , 1997 determined dissolved and particulate 234 Th activities in the western Arctic and suggested that particle export occurred in the upper Arctic Ocean. Moran and Smith (2000) provided evidence of a marked spatial variability in POC export in the Beaufort Sea from 234 Th measurements. Very recently, Coppola et al. (2002) also used 234 Th as a tracer to estimate POC fluxes and further compared their estimates with POC fluxes measured by sediment traps in the Barents Sea.
In the present study, we measured dissolved and particulate 234 Th in the water column at four stations, one in the Canada Basin and three in the Bering Sea, and quantified scavenging residence times and fluxes of dissolved and particulate 234 Th. We determined primary and bacterial production in the study areas and estimated the POC export fluxes in both the Canada Basin and the Bering Sea. To our knowledge, these are the first 234 Th data reported for the Bering Sea. Our results showed that 234 Th/ 238 U disequilibrium occurred in both study areas, reflecting particle export on a monthly scale, but the POC export fluxes derived from the 234 Th/ 238 U disequilibrium in the Canada Basin were lower than those in the Bering Sea.
METHODS

Sample Collection
In August 1999, from onboard the R/V Xue Long, we collected water samples at four stations, one (C34) in the Canada Basin and three (B50, B51, and B52) in the Bering Sea (Fig. 1 ). Water depth was over 1000 m at all stations. Seawater was collected from seven depths (1, 10, 25, 50, 75, 100, and 200 m) for measurements of nutrients, POC, dissolved and particulate 234 Th. For each sample, 30 L of seawater was collected using three 10 L Niskin bottles. Twenty-liter subsamples were used for dissolved and particulate 234 Th analysis. Aliquots of water samples were also collected for nutrients and POC measurements. Upon recovery, subsamples (20 L) for 234 Th determination were drained into Cubitainer™ collapsible containers, pressurized with compressed air, and passed through a 0.45 µm membrane filter (142 mm). Filtrates were collected in 20-liter Cubitainers™ and acidified with 40 ml concentrated HCl. Filters were rinsed with ~100 ml of distilled water and then folded and stored frozen until analysis onboard.
234
Th Analyses
After acidification, about 10 dpm of 228 Th yield tracer and 60 mg of Fe carrier (as FeCl 3 ) were added to each dissolved sample. The samples were thoroughly mixed by bubbling with nitrogen for 10 min, and then stood ~6 h for the spike to equilibrate with the samples. About 40 ml of concentrated NH 4 OH was added to precipitate Fe(OH) 3 , which co-precipitates with Th. The sample was stirred for 20 min, then allowed to settle. The precipitate was separated from the supernatant by centrifugation. The resultant Fe(OH) 3 was re-dissolved in concentrated HCl to make a 9 mol/L HCl solution for further column chromatography work.
Detailed procedures of Th separation and purification are described in Chen et al. (1997) and Cai et al. (2002) . Briefly, separation of U and Th was accomplished by passing the solution through a chloride-form anion resin column, preconditioned with 9 mol/L HCl. For Th purification, the effluent and rinses containing the Th fraction were taken to dryness, dissolved in 40 ml 8 mol/L HNO 3 , and then added to a nitrate-form AG 1 × 8 column (Bio-Rad Laboratories, Hercules, California), preconditioned with 70 ml of 8 mol/L HNO 3 . After washing with six column volumes of 8 mol/L HNO 3 , Th was eluted with 90 ml of 9 mol/L HCl, evaporated down to one drop, extracted into a TTA-benzene solution, and deposited on a stainless steel disk.
Each particulate sample was transferred to a separate Teflon beaker for spiking and digestion, according to procedures given by Anderson and Fleer (1982) . After digestion, the above procedures for dissolved Th were used for 234 Th purification. 234 Th activity was counted immediately on a low-level beta counter (Model BH1216) to avoid the effect of daughter ingrowth from 228 Th. After beta counting, the samples were alpha counted again with silicon surface barrier detectors (Model Octete™ Plus, EG&G, Gaithersburg, Maryland) to determine the yield of the 228 Th activity. The detector efficiencies of the beta counter and alpha counter were cross-calibrated by using a known-activity source containing 234 238 U activities were calculated from measured salinity using the relationship, 238 U(dpm/L) = 0.07081•S, given by Chen et al. (1986) .
Measurements of Nutrients and Particulate Organic Carbon
Nutrient (N, P, and Si) concentrations were measured onboard ship using standard methods and auto-analyzers. For POC analysis, 2 L of seawater was filtered on a precombusted 47 mm GF/F glass fiber filter. After filtration, the filters were rinsed with 20 ml of distilled water to remove salt and subsequently with 20 ml 0.1mol/L HCl to remove inorganic carbonate, and then stored in a freezer for POC analyses. The samples were dried at 60˚C, and POC was quantified on a Shimadzu TOC-5000A analyzer equipped with a solid sample combustion unit. The total mass of carbon per filter was corrected for the filter blank and divided by the volume filtered. Filter blanks were 4.07 ± 1.03 µmol C per 47 mm GF/F filter.
Primary Productivity
Primary productivity at station C34 in the Canada Basin was measured by 14 C fixation with simulated in situ incubations. Three 100 ml water samples per depth (two light bottles and one dark bottle) were collected from five optical depths (corresponding to 100, 50, 10, 1, and 0.1% of the surface illumination, respectively, determined with a Secchi disc) in acid-clean glass bottles. Samples were inoculated with 1.85 × 10 5 Bq of 14 C-labeled sodium bicarbonate. The bottles were wrapped with appropriate quantities of cloth filter, which reduced the irradiance to the same level measured in the water from which the sample was taken. All of the bottles were shaken and quickly placed into a deck incubator through which running seawater flowed to maintain surface temperature. All samples were incubated for 14 hours and then filtered through a filter with a pore size of 0.45 µm and a diameter of 25 mm. The filters were fumed over concentrated HCl acid for 10 min to remove inorganic carbon. Radioactive carbon uptake was determined by a liquid scintillation spectrometer (Model 4640 Tri calculations for primary productivity were corrected for isotope effect (5%), dark bottle uptake, and counting efficiency. Net integrated primary productivity from the surface to the 0.1% light level (95~98 m at the B50, B51, and B52 stations and 91 m at the C34 station) was calculated by trapezoidal integration of the PP depth profiles.
Bacterial Production
Bacterial production (BP) at station C34 was estimated by the 3 H-thymidine (TDR) method (Parsons et al., 1984) . Seawater was collected from three optical depths (corresponding to 100%, 50%, and 1% of the surface illumination). Triplicate sets of 20 ml seawater samples were pulsed with 3.7 × 10 6 Bq 3 H-thymidine (specific activity 2.22 × 10 12 Bq/mmol). To one set of samples, we added 0.1 ml 40% formalin solution as a control treatment. All subsamples were incubated for 14 h at sea surface temperature in a flow-through, on-deck incubator. At the end of the incubation, 20 ml of 10% trichloroacetic acid at 0˚C was added to stop thymidine uptake and precipitate nucleotides. Each sample was filtered through a 0.22 µm HA membrane filter. Both the incubation tube and the filter were rinsed three times with 5% trichloroacetic acid. Each filter was placed into a scintillation vial. Radioactivities of the samples were counted with a liquid scintillation spectrometer (Model 4640 Tri-Carb, Packard).
Bacterial production was calculated from the equation given by Parsons et al. (1984) :
where U represents the radioactivity of the sample (dpm), S represents specific activity of 3 H-TDR , T is the incubation time, and V is the sample volume.
The TDR incorporation rate calculated from the above equation was multiplied by 1.4 × 10 18 cells/mol (Fuhrman and Azam, 1982 ) and 1.67 fmol C/cell (Lee and Fuhrman, 1987) to yield production rates in µmol C/dm 3 /h. Volumetric BP estimates were multiplied by 24 to obtain daily rates and summed over the euphotic zone by trapezoidal integration from the surface to the value at the 1% I 0 depth.
RESULTS
Hydrochemical Characteristics
Vertical profiles of temperature, salinity, and nutrients at the four stations are shown, along with 234 Th data, in Figures 2 to 5. The hydrographic properties at all sampling stations in both study areas show a similar distribution feature in the upper 25 m layer, with well-mixed temperature and salinity and very low nutrient concentrations. Because of the effect of sea ice, the surface salinity at station C34 was only ca. 28‰ (in contrast to ca. 32.5‰ at the Bering Sea stations). Nutrient contents in the mixed layer were consistently low. Nitrate in the mixed layer was below the detection limit in the Canada Basin (Fig. 2b) , but it was detectable at the Bering Sea stations (Figs. 3b, 4b, and 5b) .
Below the surface mixed layer, the hydrographic properties in the Canada Basin were distinctly different from those observed in the Bering Sea. At station C34, temperature increased from the bottom of the mixed layer to a maximum at ~50 m and then decreased to a minimum at about 150 m. In addition, nutrients had a maximum at a depth slightly lower than the minimum-temperature layer (Fig. 2a, b) . Similar hydrochemical features in these waters were interpreted as a signature of Pacific-derived waters coming through the Bering Strait (Jones and Anderson, 1986; Cooper et al., 1997) . Below 200 m was a warmer, more saline layer with characteristics of Atlantic waters (Fig. 2a) . In the Bering Sea, the noteworthy characteristic was the presence of two halocline layers: one located between 40 and 60 m, and the other between 160 and 220 m. The vertical distribution of temperatures was characterized by a minimum at about 100 m, which was sandwiched between the two haloclines (Figs. 3a, 4a , and 5a). The mechanism of forming two halocline layers in the Bering Sea could be attributed to the seasonal variations of temperature and mixing intensity in surface waters. In winter, a deep, low-temperature and well-mixed layer was formed because of the cold down to deeper depth and strong vertical mixing. Since the mixed layer was shallower in summer than in winter, and water temperature was higher in summer, a low-temperature, winter residue water was covered by warm summer waters. (Figs. 2d, 3d, 4d, and 5d ). These 234 Th vertical profiles from both the Canada Basin and the Bering Sea are similar to those observed in other oceanic environments (e.g., Coale and Bruland, 1985, 1987; Murray et al., 1989; Buesseler et al., 1992 Buesseler et al., , 1995 .
The presence of 234 Th deficiency in both study areas indicates that scavenging and removal processes are also important to biogeochemical cycles in Arctic and Subarctic regions. As is evident from euphotic zone were larger in the Bering Sea than in the Canada Basin (Figs. 2d, 3d , 4d, and 5d), which qualitatively suggested that scavenging and removal of 234 Th were more intensive in the Bering Sea than in the Canada Basin. In addition, fractions of particulate form in the total 234 Th in the Bering Sea (average 18%) were slightly higher than those in the Canada Basin (average 14%).
Interestingly, particulate 234 Th activities increased with increasing depth in the Canada Basin, whereas a subsurface maximum of particulate 234 Th activities was observed at the bottom of the mixed layer in the Bering Sea. Moran et al. (1997) and Moran and Smith (2000) also reported an increase of particulate 234 Th activity with increasing depth in the Beaufort Sea and the central Arctic Ocean. The increase of particulate 234 Th activities with increasing depth appears to be a unique characteristic in the Arctic Ocean, which has never been reported for other oceanic environments. This may be related to a continuous scavenging of 234 Th during the settling of the particles. When the settling rate of the particle is greater than decomposition rates due to bacterial activity, an increase of the particulate 234 Th with increasing depth will be observed (see Discussion).
POC concentrations decreased with depth but remained constant at over 75 m (Figs. 2c, 3c, 4c, and 5c) , which is consistent with the results of other studies (e.g., Gordon and Cranford, 1985; Moran et al., 1997) . POC concentrations ranged from 0.42 to 8.67 mmol C/m 3 , with an average of 3.75 mmol C/m 3 in the Canada Basin. These results are slightly higher than those reported for the central Arctic Ocean (Gordon and Cranford, 1985; Moran and Smith, 2000) , but lower than those from the Barents Sea (Coppola Simultaneous measurements of primary production and bacterial production at the three stations in the Bering Sea are not available. However, we determined the surface primary production at one station very close to station B52, with a value of 0.5 mmol C/m 3 /d. According to the relationship between the surface primary and integrated primary production in the Bering Sea (Chen et al., in press), we estimated the integrated primary production in this region to be 19.8 mmol C/m 2 /d.
DISCUSSION
Particle Scavenging and Removal Processes
Th scavenging and removal rates can be calculated by using an irreversible, steady-state scavenging model (Coale and Bruland, 1987) . In this model, diffusive and advective transport rates are ignored because the turnover rate of 234 Th in seawater is rapid as a result of its short half-life. As stated in the previous section, water masses in the Canada Basin may be transported from Pacific waters, judging from the maximum of nutrient concentrations. If Pacific waters had a long residence time in shelf regions, the 234 Th et al., 2002). In addition, the POC profile at station C34 was characterized by a subsurface peak at 50 m, which is consistent with the POC profiles reported for the Beaufort Sea (Moran and Smith, 2000) . POC concentrations were higher in the Bering Sea than in the Canada Basin, with an average of 5.67 mmol C/m 3 (ranging from 0.75 to 11.08 mmol C/m 3 ).
Primary Production and Bacterial Production
At station C34, both primary production and bacterial production in the euphotic zone decreased progressively with depth (Fig. 6) , which is consistent with the vertical change of irradiance in the water column. Primary production in surface waters was 12.5 µmol C/m 3 /h, and close to 0 below 60 m. Bacterial production decreased from 75 µmol C/m 3 /d in the surface to 25 µmol C/m 3 /d at 60 m. The integrated primary production at this station was 3.8 mmol C/m 2 /d, and bacterial production was 2.0 mmol C/m 2 /d. These values were lower than those observed during the same cruise for the Chukchi Sea shelf and Bering Sea (Chen et al., in press ), but were consistent with the results obtained by Wheeler et al. (1996) and Cota et al. (1996) in the same areas. Schlosser et al., 1995) , which is about 70-280 times the half-life of 234 Th. Moran et al. (1997) suggested that shelf scavenging was of minor importance for 234 Th over a length scale of 100 km, extending from the shelf into the interior basins. All of our stations are located over 150 km from the nearest shelf. In addition, 234 Th profiles showed that total 234 Th was in near-equilibrium with 238 U in the Canada Basin at depths below 100 m, where nutrient profiles gave evidence of transport of shelf water. If advection and diffusion terms are ignored, then the mass balance for dissolved and particulate 234 Th can be written as: 234 Th is transported out of each water layer by particle fluxes.
The residence times of dissolved and particulate 234 Th can thus be calculated by assuming a steady state, i.e., dDTh/dt = 0 and dPTh/dt = 0:
Assuming that scavenging from the dissolved to the particulate form and the removal of particulate 234 Th follow a first-order kinetics, a scavenging rate constant (ϕ d ) and a removal rate constant (ϕ p ) can be defined as:
Calculated values of J Th , F Th , τ d , τ p , ϕ d, and ϕ p are listed in Table 2 . It was evident that the rates of scavenging and removal of dissolved 234 Th (J Th ) and particulate 234 Th (F Th ) in the Canada Basin were lower than those in the Bering Sea. Correspondingly, residence times of dissolved and particulate 234 Th in the euphotic zone were also longer in the Canada Basin than in the Bering Sea. Considering the upper 100 m of the water column in the euphotic zone (0-100 m), dissolved and particulate 234 Th removal fluxes in the Canada Basin were 1539 dpm/m 2 /d and 824 dpm/m 2 /d, respectively, whereas they ranged from 2118 to 2312 dpm/ m 2 /d and from 1373 to 1648 dpm/m 2 /d, respectively, in the Bering Sea. Dissolved and particulate 234 Th fluxes in the Canada Basin are similar to values obtained from the Bermuda Atlantic Time Series (BATS) Site (0 -150 m; Buesseler, 1998) ; the NE Polynya, Greenland (0 -50 m; Cochran et al., 1995) ; and the central Arctic Ocean (0 -30 m; Moran et al, 1997) . However, they are lower than the values obtained from NABE (0 -75 m; Buesseler et al., 1992) , EqPac (0 -100 m; Buesseler et al., 1995; Bacon et al., 1996; Murray et al., 1996) , the Arabian Sea (0 -100 m; Buesseler et al., 1998) 
POC Export Fluxes
On the basis of the scavenging model described above, the export fluxes of POC can be calculated using the total 234 Th deficit between 0 and 100 m and the POC/PTh ratio at the depth of 100 m (Buesseler et al., 1992 ):
The reliability of this approach mainly depends on two parameters, the POC/ 234 Th ratio and particulate 234 Th export flux. In the present study, we used the POC/ 234 Th ratios in suspended particles, rather than those on sinking particles. Numerous studies suggested that the POC/PTh ratio of particulate matter decreases with increasing particle size (e.g., Moran and Buesseler, 1993; Buesseler et al., 1995; Guo et al., 2002) . Thus, our POC export fluxes could be upper estimates. However, two recent papers pointed out that the POC/PTh ratios increased with increasing particle size in regions dominated by large diatoms ; therefore, POC export fluxes based on suspended particles could be lower estimates.
Our observed POC/PTh ratios decreased significantly with increasing water depth (Fig. 7) , and similar results have been reported for other oceans (e.g., Bacon et al., 1996; Murray et al., 1996; Santschi et al., 1999) . The changes of POC/PTh ratios could indicate that organic carbon is preferentially remineralized relative to 234 Th. It is interesting to note that POC decreased with increasing depth, while particulate 234 Th concentration slightly increased with increasing depth. It is likely that 234 Th resided on particles during the remineralization of POC, resulting in a larger gradient in the POC/ 234 Th ratio. If the POC/PTh ratio is taken from the integrated value in the euphotic zone (Cochran et al., 1995; Moran et al., 1997; Moran and Smith, 2000) , the POC export flux would have been overestimated. Therefore, the POC/PTh ratio at the bottom layer of the euphotic zone was used here to estimate the POC export fluxes. The POC/PTh ratio in the Canada Basin was 1.2 µmol/dpm, which is significantly lower than
previously estimated values for the Arctic Ocean (e.g., Cochran et al., 1995; Moran et al., 1997; Moran and Smith, 2000; Coppola et al., 2002) . POC/PTh ratios at the bottom of the euphotic zone in the Bering Sea ranged from 7.0 to 9.4 µmol/dpm, with an average of 8 µmol/dpm, a value similar to those in many previous studies, such as NABE (Buesseler et al., 1992) , BATS (Buesseler, 1998) , and studies in the Weddell Sea (Rutgers van der Loeff et al., 1997), the central Arctic Ocean (Moran et al., 1997) and the Beaufort Sea (Moran and Smith, 2000) . The other limitation on the calculation of the POC export flux is the use of steady-state particulate 234 Th fluxes. Buesseler et al. (1995) suggested that a steady-state model could underestimate the particulate 234 Th flux when removal of 234 Th progressively increases with time at a site (e.g., during a bloom event). Our data are insufficient to evaluate the steady-state assumption. However, as pointed out by Cochran et al. (1995) , the net effects of the steadystate assumption and the presumed higher POC/PTh ratio of suspended particles on the calculation of POC export flux could offset each other.
Values of POC fluxes calculated from 234 Th deficiencies are listed in Table 3 the Beaufort Sea (Moran and Smith, 2000) . Notice that the difference of POC export fluxes between the Bering Sea and the Canada Basin resulted largely from the difference in POC/PTh ratios and particulate 234 Th fluxes between these two study areas (Fig. 8) . Particulate 234 Th flux was about 1.8 times lower in the Canada Basin than in the Bering Sea, while the POC/PTh ratio was 6.9 times lower. We argue that the variation gradient in POC export in the study areas was driven by the POC/PTh ratio and the particulate 234 Th flux, although the effect of POC/ 234 Th ratios was more important. By comparison, found that the POC export gradient was driven by the POC/ 234 Th ratio rather than by the particulate 234 Th flux in the subarctic northeast Pacific Ocean.
Carbon Cycle in the Upper Ocean
Buesseler (1998) defined the ThE ratio as the ratio of 234 Th-derived POC export to primary production. Similarly, the ratio of bacterial production to primary production is called the B-ratio, which represents the fraction of carbon uptake that is remineralized via microbial processes. From the POC export at the base of the euphotic zone, ThE ratios were calculated to be 26% at the Canada Basin station and about 70% at Bering Sea stations. These values were higher than those in mid-and low-latitude sea areas (Buesseler et al., 1995 Bacon et al., 1996; Murray et al., 1996; Buesseler, 1998; Benitez-Nelson et al., 2001) . Relatively high ThE ratios were also found in other high-latitude sites, such as the NE Polynya off Greenland (> 50%; Cochran et al., 1995) , the Southern Polar Front (> 25%; Rutgers van der Loeff et al., 1997), the Bellingshausen Sea (40%; Shimmield and Ritchie, 1995) and the central Arctic Ocean (~20 to several hundred percent; Moran et al., 1997) . The decoupling of production and particulate export in the upper ocean in high-latitude areas was attributed to the presence of large phytoplankton, diatoms in particular (Buesseler, 1998 and references therein) . One might expect that high-latitude areas have a very high ThE ratio. Our estimated ThE ratio and the highly variable ThE ratios reported by Moran et al. (1997) suggest that temporal and spatial variation of planktonic species may regulate the ThE ratio in the Arctic. The delay in POC export relative to the temporal peak in primary production may result in ThE ratios greater than 100%. In addition, ice algae production and POC from ice rafting may contribute to the higher ThE ratios reported.
The B-ratio at the Canada Basin station was 52%. This value was consistent with those measured for the central Arctic Ocean (e.g., Wheeler et al., 1996; Rich et al., 1997) and the Weddell Sea (e.g., Cota et al., 1990 ), but higher than those reported for other areas. For example, bacterial FIG. 8. 234 Th fluxes, POC/PTh ratios and POC fluxes in the Canada Basin and the Bering Sea. production was about 10% of the primary production in the Subarctic North Pacific (Kirchman et al., 1993) and Antarctic South Atlantic (Kuparinen and Bjornsen, 1992) , 15% in the equatorial Pacific (Kirchman et al., 1995) , and 10-15% in the Sargasso Sea (Carlson et al., 1996) . The relatively high B-ratio indicates that bacterial activity is not depressed in the cold Arctic waters; instead, heterotrophic microbial activity plays an important role in Arctic carbon cycling.
Overall, given measurements of primary production, bacterial production, and POC export flux, the carbon flow path in the study areas could be depicted as follows. Of the carbon uptake by phytoplankton in the Canada Basin, 26% of the organic carbon was exported from the euphotic zone, and 52% was remineralized by microbial processes. The other 22% of organic carbon would be transported into the higher trophic levels. The scenario of carbon cycling in the Bering Sea is different from that in the Canada Basin. Most of the organic carbon synthesized by phytoplankton was exported from the euphotic zone (about 70%). If we assume that the B-ratio in this region is 10% (Kirchman et al., 1993) , about 20% of organic carbon would be transported into the higher trophic levels, a fraction similar to that of the Canada Basin.
